ABSTRACT Background: Vitamin D may plausibly reduce the occurrence of depression in postmenopausal women; however, epidemiologic evidence is limited, and few prospective studies have been conducted. Objective: We conducted a cross-sectional and prospective analysis of vitamin D intake from foods and supplements and risk of depressive symptoms. Design: Study participants were 81,189 members of the Women's Health Initiative (WHI) Observational Study who were aged 50-79 y at baseline. Vitamin D intake at baseline was measured by foodfrequency and supplement-use questionnaires. Depressive symptoms at baseline and after 3 y were assessed by using the Burnam scale and current antidepressant medication use. Results: After age, physical activity, and other factors were controlled for, women who reported a total intake of 800 IU vitamin D/d had a prevalence OR for depressive symptoms of 0.79 (95% CI: 0.71, 0.89; P-trend , 0.001) compared with women who reported a total intake of ,100 IU vitamin D/d. In analyses limited to women without evidence of depression at baseline, an intake of 400 compared with ,100 IU vitamin D/d from food sources was associated with 20% lower risk of depressive symptoms at year 3 (OR: 0.80; 95% CI: 0.67, 0.95; P-trend = 0.001). The results for supplemental vitamin D were less consistent, as were the results from secondary analyses that included as cases women who were currently using antidepressant medications. Conclusions: Overall, our findings support a potential inverse association of vitamin D, primarily from food sources, and depressive symptoms in postmenopausal women. Additional prospective studies and randomized trials are essential in establishing whether the improvement of vitamin D status holds promise for the prevention of depression, the treatment of depression, or both.
INTRODUCTION
A limited body of research supported a role for vitamin D in the reduction of the occurrence of depression (1). Vitamin D receptors are present in neuronal and glial cells in the central nervous system (2) . The majority of brain regions that possess vitamin D receptors also showed substantial immunoreactivity for 1,a-hydroxylase enzymes that are capable of metabolizing 25(OH)D 5 to the biologically active metabolite 1,25-dihydroxyvitamin D (3, 4) , which suggested that 1,25-dihydroxyvitamin D likely has autocrine and/or paracrine activity in these regions (3) .
In animal studies, rat pups deprived of vitamin D in utero developed brains with thinner neocorticies, greater cell proliferation, heavier weight, and decreased amounts of nerve growth factor and glial cell line-derived neurotrophic factor compared with controls (5) . Vitamin D may affect the function of dopamine and norepinephrine, which are monoamine neurotransmitters that are likely involved in depression (2) . Furthermore, vitamin D may modulate the relation between depression and inflammation (6) (7) (8) .
Epidemiologic evidence concerning vitamin D and depression is limited (1). Cross-sectional studies (9) (10) (11) (12) (13) (14) (15) (16) (17) have been limited in their ability to evaluate the temporal relation between vitamin D status and depression and exclude the possibility of reverse causation. A small number of prospective studies have suggested that vitamin D may be inversely related to risk of depression and/or depression symptoms (18) (19) (20) , but all of these studies had small sample sizes (,350 cases) and a limited ability to account for important confounders and effect modifiers including raceethnicity, adiposity, and physical activity. Dietary vitamin D intake and supplement use are easily modifiable and could provide new avenues for the prevention and treatment of depression. We evaluated these relations in a large prospective study of postmenopausal women.
SUBJECTS AND METHODS

Study population
The WHI OS (n = 93,676) has been described previously (21) . Briefly, between 1993 and 1998, women aged 50-79 y were recruited through direct-mailing campaigns and media-awareness programs. Enrollments were made at 40 clinical centers throughout the United States. Major ineligibility criteria included enrollment in a WHI clinical trial, medical conditions likely to result in death within 3 y, a previous history of breast or other cancers (except nonmelanoma skin cancer), and conditions that were likely to interfere with retention in the study. All OS participants had physical measurements made at a clinical center at baseline and after 3 y and provided information on health-related factors by questionnaire at both time points and annually by mail. The study protocol was approved by institutional review boards at each participating institution.
Assessment of vitamin D and other factors
At their baseline clinic visit, we asked participants to complete a semiquantitative food-frequency questionnaire that was designed and validated for use in the WHI (22) . Participants were asked to report their usual intakes of 122 foods or food groups in the 3 previous months with response options that ranged from never or ,1 time/mo to 2 times/d (6 times/d for beverages) and to specify their usual portion size compared with a stated serving. Additional questions were asked about usual cooking method, fats added during cooking, and usual intakes of specific food groups. The vitamin D intake from food sources was calculated by multiplying the nutrient content of the specified portion size of each food (University of Minnesota Nutrient Coding Center nutrient database) by its frequency of consumption and summing the contributions of all foods.
The vitamin D intake from supplemental sources was assessed by trained interviewers by using a standard questionnaire that measured dose, frequency (pills per week), and duration (months and years) of use of multivitamins, multivitamin-mineral, and single supplements. Participants were asked to bring to their clinic interview bottles for all supplements they were currently taking, which allowed staff members to transcribe ingredients. Only supplements used once per week or more were included. The supplement dose assessed with this procedure has been shown to correlate well with data from photocopied supplement bottle labels (range of r = 0.8-1.0) (23, 24) . In a validation study conducted within the WHI, the vitamin D intake measured by a food-frequency questionnaire correlated well with the intake measured with 4 d of diet recalls plus 4 d of food records (deattenuated r for vitamin D from foods = 0.70; deattenuated r for total vitamin D = 0.73) (23) .
At the baseline and follow-up clinic visits, women completed questionnaires that assessed demographic, behavioral, and healthrelated factors including age, race-ethnicity, education, previous use of hormone therapy and oral contraceptives, alcohol intake, history of smoking, and participation in physical activity. We measured weight and height directly and calculated BMI (weight in kilograms divided by height in square meters). We used the RAND-36 Physical Function Scale to assess the current level of physical function that related to muscle weakness and walking speed; lower scores on this scale (range: 0-100) indicated that health impaired physical function (25, 26) . The annual amount of solar irradiance was estimated by using methods previously described (27) . Briefly, Garland and Garland (28) used measurements from the US Weather Bureau to estimate the annual mean amount of sunlight that reached the ground over large areas of the United States. Estimates of Langleys of total solar irradiance at each of the WHI clinical centers were adapted from this publication and ranged from 300-500 g-calorie/cm 2 .
Assessment of depressive symptoms
We assessed the prevalence of depressive symptoms at baseline and follow-up with the Burnam 8-item scale for depressive disorders (29) . This scale included 6 items from the Center for Epidemiologic Studies-Depression Scale and 2 items from the Diagnostic Interview Schedule and has been validated for use in the WHI (30) . Questions from the Center for Epidemiologic Studies-Depression Scale asked women to report how often in the past week they felt depressed (blue or down), their sleep was restless, they enjoyed life, they had crying spells, they felt sad, and they felt that people disliked them. Questions from the Diagnostic Interview Schedule were as follows:
In the past year, have you had 2 wk during which you felt sad, blue, or depressed or lost pleasure in things that you usually cared about or enjoyed?; Have you had 2 y in your life when you felt depressed or sad most days, even if you felt okay sometimes?; and if yes, Have you felt depressed or sad much of the time in the past year? Responses to these 3 questions received scores of 0 (no) and 1 (yes).
We calculated the Burnam score by using questionnaire responses and a logistic regression-based algorithm (29) . Values for this scale ranges from 0 to 0.99, and higher scores indicated greater depressive symptomology. We dichotomized the continuous Burnam score by using a cutoff of 0.06 to identify women who met criteria for depressive symptoms (31, 32) . As previously discussed (33) , this screening tool identifies women who experience symptoms that are consistent with depressive disorders, including major depression and dysthymia, but is not, itself, a measure of clinical depression. An ancillary study that evaluated the reliability of the Burnam algorithm compared with a standard of clinical diagnosis for depression screening showed a sensitivity of 74% and specificity of 87% (30) . Depressive symptoms assessed with the Burnam scale have been predictive of other outcomes in the WHI including cardiovascular disease and heart-rate variability (31, 33) .
We measured the use of antidepressant medications at baseline and year 3. Participants were asked to bring all current medications to their clinic visits, including selective serotonin reuptake inhibitors, monoamine oxidase inhibitors, modified cyclics, tricyclic agents, and other medications classified as antidepressants. Medications used regularly (ie, for 2 wk) were recorded along with information on the dose and duration of use.
Statistical analysis
We limited our analyses to women with complete baseline information on diet, depression, and covariates. Participants with an implausible calorie intake (,600 and .5000 kcal/d) were excluded, which resulted in a final study population of 81,189 women. We compared the age-adjusted baseline mean total vitamin D intake, vitamin D intake from supplements, and the prevalence of depressive symptoms across categories of participant characteristics by using F tests. We divided the study population into categories of total vitamin D intake (ie, vitamin D from foods and supplements combined), intake of vitamin D from food sources only, and intake from supplemental sources only. Category cutoffs were based on available supplement doses and established Dietary Reference Intakes for vitamin D (34) .
We evaluated depression status at baseline in 2 ways. First, we included women who currently experienced depression symptoms (assessed as a Burnam score 0.06) as cases and compared them with women who did not currently experience depression symptoms (Burnam score ,0.06). In addition, to include women who had been clinically diagnosed with depression but whose symptoms had remitted after antidepressant therapy as cases, we created a secondary case definition that included women who either currently experienced symptoms (Burnam score 0.06) or who currently used antidepressant medications and compared them to women with neither indicator of depression. We assessed the relation of both of these outcomes with the vitamin D intake by calculating the OR by using logistic regression and calculated 95% CIs. In multivariable analyses, we adjusted for factors that were significantly associated with vitamin D intake and/or depressive symptoms and factors that have been identified as confounders in previous studies. These factors included age, race-ethnicity, BMI, waist-to-hip ratio, education, smoking status, alcohol intake, past hormone therapy use, total energy intake, marine omega-3 fatty acid intake, marital status, physical activity, physical function score, history of cardiovascular disease, and solar irradiance. In making these adjustments, continuous versions of each variable were used when possible. In addition, we adjusted analyses of vitamin D from food sources for the intake from vitamin D supplements to allow us to independently evaluate the effect of vitamin D from foods. Similarly, we adjusted the vitamin D intake from supplements for the vitamin D intake from food sources.
We evaluated whether the vitamin D intake at baseline was associated with our 2 measures of depression status at year 3 in women with no evidence of depression at baseline. Therefore, in this analysis, we excluded women who had either a Burnam score 0.06 at baseline or who reported baseline antidepressant use (n = 13,253).
We assessed whether a relation between the baseline total vitamin D intake and depression status at year 3 was modified by factors including age, race-ethnicity, education, BMI, current smoking status, alcohol use, amount of solar irradiance, physical activity, and physical function. Interactions were assessed by using multiplicative interaction terms in multivariable models, with P ,0.05 judged to be significant. Finally, we conducted a sensitivity analysis with adjustment for the season of baseline and year-3 depressivesymptom assessments to evaluate potential confounding by the seasonality of depression. All analyses were performed with SAS for Windows software (version 9.2; SAS Institute).
RESULTS
Selected participant characteristics by mean total and supplemental vitamin D intakes are shown in Table 1 . All differences were significant at P , 0.001 because of the large sample size. The mean total vitamin D intake varied most substantially by ethnicity, smoking status, marine omega-3 intake, physical activity, and amount of solar irradiance. The mean supplemental vitamin D intake varied most substantially by ethnicity, smoking status, BMI, and physical activity.
At baseline, 8952 women (11.0%) had a Burnam score 0.06 and, thus, met criteria for prevalent depressive symptoms (Table  1) . Differences in prevalence across categories of all characteristics evaluated were significant at P , 0.001. The prevalence of depressive symptoms varied most substantially by age, antidepressant use, marital status, income, physical activity, and level of physical functioning.
We observed a significantly inverse linear relation between the total vitamin D intake at baseline and prevalent depressive symptoms as assessed by a Burnam score 0.06 (P-trend , 0.001) ( Table 2 When we assessed depression by using the combined outcome of a Burnam score 0.06 or current antidepressant use, relations with vitamin D intakes were inconsistent (Table 2) . Although a higher vitamin D intake from food sources was significantly but modestly associated with lower risk (P-trend = 0.002), the total vitamin D intake and vitamin D intake from supplements were not linearly related to risk.
The vitamin D intake from food sources was inversely related to depressive symptoms at year 3 as assessed by a Burnam score 0.06 (P-trend = 0.001) ( Table 3) We did not find evidence that the relation between the total vitamin D intake and depressive symptoms at year 3 as assessed by a Burnam score 0.06 compared with ,0.06 was modified by other factors including age, BMI, race-ethnicity, or solar irradiance (Table 4) . Finally, results from our sensitivity analysis that were adjusted for the season of baseline and year-3 symptom assessments were virtually identical to the main analyses (results not shown). 
VITAMIN D INTAKE AND DEPRESSIVE SYMPTOMS
DISCUSSION
In our diverse population of postmenopausal women, we observed some evidence of an inverse relation between intake of vitamin D and depressive symptoms. In cross-sectional analyses that used baseline data, women with the highest intakes of total vitamin D and vitamin D from food sources had a significantly lower prevalence of depressive symptoms as assessed with the Burnam scale compared with women who reported intakes of ,100 IU vitamin D/d. In women without evidence of depression at baseline, a higher vitamin D intake from food sources was associated with a lower risk of depressive symptoms at year 3. Results from secondary analyses that included women who used antidepressant medications as well as women who met Burnam score criteria were inconsistent. We did not find supplemental vitamin D intakes to be consistently related to measures of depressive symptoms.
There were several potential explanations for the difference in findings we observed for vitamin D from food sources compared with from supplements. First, vitamin D from dietary sources may be more strongly related to 25(OH)D concentrations than vitamin D from supplements. In the WHI calcium and vitamin D supplementation trial, the correlation of 25(OH)D concentrations and the total vitamin D intake was modestly but significantly higher in women who did not use supplements (ie, vitamin D was from food sources only) compared with women who used both diet and supplemental sources (r = 0.21 compared with r = 0.19; P-difference = 0.03) (35) .
Second, if women who experienced depressive symptoms used fish oil, multivitamins, or other supplements that contained vitamin D as a means of treating their symptoms (36) , results for supplement use may have been attenuated. Reverse causation may have biased results from our cross-sectional analysis because we were unable to evaluate the timing of the onset of vitamin D supplement use compared with the onset of depression. However, reverse causation was less likely to have affected results from our prospective analysis, which we limited to women who did not experience depression at baseline when vitamin D intake was assessed.
Third, results that suggested a beneficial effect of vitamin D from food sources could plausibly have reflected confounding by other nutrients shown in vitamin D-rich foods or by an overall healthy dietary pattern. For example, in our population, fatty fish were predominant sources of both vitamin D and omega-3 fatty acids, and marine fatty acids have been inversely associated with depression in many studies (37) . For this reason, we adjusted all analyses for the intake of marine omega-3 fatty acids. Although relatively few other nutrients have been consistently associated with depression, we cannot exclude the possibility that other nutrients in fish, dairy foods, and fortified cereals may have contribute to the observed effects.
The range of vitamin D intake in our study population was comparable to ranges in other studies of postmenopausal women 2 Adjusted for age (continuous), race-ethnicity (black, Hispanic, white not of Hispanic origin, and other or unknown), BMI (continuous), waist-to-hip ratio (continuous), education (school after high school, yes or no), smoking status (never, former, or current), alcohol intake (0, .0 to ,1, or 1 drinks/d), past hormone therapy use (never, past, or current use), total energy intake (continuous), marine omega-3 fatty acid intake (quartiles), marital status (divorced or separated, never married, currently married or living as married, or widowed), physical activity (continuous metabolic equivalent task hours per week), physical function score (continuous), history of cardiovascular disease (yes or no), and solar irradiance (300-325, 350, 375-380, 400-430, or 475-500 Langleys). Vitamin D from food sources was additionally adjusted for vitamin D intake from supplements. Vitamin D intake from supplements was additionally adjusted for vitamin D intake from food sources.
3 Calculated by using the median of each vitamin D category as a continuous variable in the multivariable regression model. (38) (39) (40) . However, we assessed vitamin D from food and supplemental sources alone and at baseline only and were not able to directly evaluate 25(OH)D levels, which are substantially influenced by endogenous vitamin D production after UVB sun exposure as well as by diet. Although previous studies suggested that a dietary intake of vitamin D may not be strongly correlated with 25(OH)D levels (41), recent evidence suggested that only ;30% of circulating 25(OH)D is the product of sunlight exposure (42). Although we were unable to control for individual amounts of sunlight exposure, we adjusted our analyses for the mean amount of solar irradiance at each participant's WHI clinical center and other nondietary predictors of 25(OH)D levels including physical activity, race-ethnicity, and BMI (43) . In addition, results in women with lower amounts of solar irradiance did not differ from those in women who lived in sunnier locations. A limitation of our study was our reliance on self-reported questionnaires and antidepressant use to assess depressive symptoms instead of the use of psychiatric interviews or a report of clinical diagnoses. The Burnam scale primarily measures depressive symptoms experienced in the previous week and thus would identify women currently experiencing depressive symptoms at the time of the questionnaire completion. However, in prospective analyses, women who developed depression before year 3 but whose symptoms remitted either naturally or after treatment would not be classified as cases. For these reasons, in secondary analyses we also considered antidepressant use as a proxy for depression. However, women may be prescribed antidepressant medications for reasons other than depression, such as fibromyalgia, migraine headache, or panic disorder; these women would be inaccurately identified as depression cases in our analysis. The misclassification of depression status could have attenuated our findings to some extent.
Furthermore, depressed women who use antidepressant medications may differ from depressed women who do not use antidepressant medications in terms of diet, healthy behaviors, and supplement use. In a secondary analysis, we showed high total and supplemental vitamin D intakes to be modestly associated with a higher likelihood of antidepressant use in all women, whereas vitamin D from food sources was unrelated (data not shown). Multivitamin use was somewhat more common in depressed women who used antidepressant medications (40.6%) compared with depressed women who did not use antidepressant medications (37.8%; P = 0.03). Alternatively, because serotonin reuptake inhibitors use has been shown to lower C-reactive protein and cytokine concentrations in depressed patients (44, 45) , a potentially anti-inflammatory effect of vitamin D on depression may be attenuated by antidepressant use. Furthermore, participants may have experienced depression before baseline. Because women with severe depression may have been unlikely to participate in the WHI OS, our population may have experienced milder symptoms than did patients in studies of clinic populations.
Our study had several notable strengths, including its prospective design. The diversity of our population allowed us to 
